A heritable gain-of-function in BK channel activity has been associated with spontaneous seizures in both rodents and humans. We find that chemoconvulsant-induced seizures induce a gain-of-function in BK channel current that is associated with abnormal, elevated network excitability. Action potential half-width, evoked firing rate, and spontaneous network activity in vitro were all altered 24 h following picrotoxininduced seizures in layer 2/3 pyramidal cells in the neocortex of young mice (P13-P16). Action potential half-width and firing output could be normalized to control values by application of BK channel antagonists in vitro. Thus, both inherited and acquired BK channel gain-of-functions are linked to abnormal excitability. Because BK channel antagonists can reduce elevated firing activity in neocortical neurons, BK channels might serve as a new target for anticonvulsant therapy.
Introduction
Seizure activity can have profound consequences on neuronal firing properties, and seizure-dependent changes in ion channel function have been linked to abnormal excitability in experimental models of seizure disorders (Chen et al., 2001; Brewster et al., 2002; Su et al., 2002; Bernard et al., 2004; Shah et al., 2004) . Although mutations in a large number of different ion channels have been linked to familial seizure disorders, so far there has been little overlap between the group of ion channels modified by activity or seizures and those that are mutated in inherited forms of epilepsy (Mulley et al., 2003; Noebels, 2003) . A common link between genetic and acquired forms of epilepsy might suggest a useful point of intervention for anticonvulsant therapy. Furthermore, if seizure activity itself could result in the same sort of changes in ion channel function found in the inherited epilepsies, this might indicate that seizure history could sensitize an individual to future seizures, a controversial hypothesis (Gower, 1881; Hauser and Lee, 2002) .
The large-conductance, Ca 2+ -and voltage-gated K + channel BK (MaxiK, slo, K Ca 1.1, KCNMA1) is broadly expressed through the CNS and shapes neuronal firing output. A gain-of-function in BK channels was recently shown to underlie a heritable epilepsy and paroxysmal movement disorder in humans (Du et al., 2005) , and mice that had been genetically engineered to have a gain-of-function in BK channel also developed spontaneous, recurrent seizures (Brenner et al., 2005) . In this study, we sought to determine whether chemoconvulsant-induced seizures could induce a gain-of-function in BK channel properties, and whether BK channel antagonists might reduce abnormal post-seizure activity.
BK channels localize to both neuronal soma and processes (Hu et al., 2001; Misonou et al., 2006) . Gated both by voltage and by Ca + , they not only repolarize the membrane after an action potential and shape the fast after-hyperpolarization (fAHP) (Vergara et al., 1998; Faber and Sah, 2002) , but can also influence rhythmic firing patterns and bursting output (Shao et al., 1999; Jin et al., 2000; Gu et al., 2007) . In addition, in some neural systems, BK channels may modulate neurotransmitter release (Robitaille et al., 1993; Hu et al., 2001; Pattillo et al., 2001; Raffaelli et al., 2004; Xu and Slaughter, 2005) . Thus, a change in BK channel function can influence firing rate both cell autonomously and at the network level.
Here we show that chemoconvulsant-induced seizures enhance BK channel function in layer 2/3 pyramidal neurons. This gain-offunction was manifested during the action potential (AP) as a faster decay time, and application of BK channel antagonists increased AP half-width to control values. Whole-cell BK channel currents were significantly larger after seizure. Evoked firing output was increased after seizure compared to seizure naïve, control animals, but can be reduced by BK channel antagonists. In addition, spontaneous firing activity in semi-intact cortical networks was increased more than twofold after seizure and could be normalized to control values by application of BK channel antagonists. These data indicate that a gain-
